Background: Epilepsy is considered as one of the most important disorders in neurology. Temporal lobe epilepsy is a form of epilepsy including two main types of mesial and lateral (neocortex). Objectives: Determination and comparison of electroencephalogram (EEG) pattern in the ictal and interictal phases of mesial and lateral temporal lobe epilepsy.
Ictal and Interictal Electroencephalography of Mesial and Lateral
Temporal Lobe Epilepsy; A Comparative Study Introduction pilepsy characterized by recurrent seizures. Hauser (1) study reported that about 2 million people in the United States have epilepsy and about 44 new cases are found annually in every 100 thousand people. Two-thirds of them had epilepsy in their childhood. In developing countries, about 80% of people who have seizure have never received any treatment. According to the classification by the International League Against Epilepsy (ILAE) in 2017, the next stage after detecting the type of seizure is to determine the diagnosis of epilepsy, i.e., focal, generalized, combined epilepsy, and an unknown type of epilepsy (2) . Epilepsy has been described as a condition in which the seizure occurs recurrently due to a permanent or progressive abnormalities in the brain. A focal epileptic seizure is caused by abnormal neural activity in a particular part of the cortex that can extend to other parts. Temporal lobe epilepsy (TLE) is A known case of focal epilepsies and includes seizures, which often originates from the interior of the temporal lobe (3) (4) (5) (6) . TLE is related to certain structural and metabolic disorders such as hippocampal atrophy or reduced hippocampus metabolism. These structural or metabolic anomalies extend to the outer part of the mesial temporal lobe and several non-limbic regions of the brain, which often includes the outer part of the temporal lobe and the anterior regions of the cerebral cortex. These anomalies are diagnosed through Magnetic Resonance Imaging (MRI), Positron Emission Tomography (PET) Scan, Magnetic Resonance Spectroscopy (MRS), or pathological studies. However, many patients have normal MRI or PET scan results, even several years after the onset of disease (7, 8) .
In fact, temporal lobe epilepsy, is one of the main classes of epilepsy, including the mesial temporal lobe epilepsy (mTLE) and lateral or neocortex temporal lobe epilepsy (nTLE). In focal seizures, certain signs and symptoms can indicate the location of the brain, which the seizure originates from. In previous studies (9) , the symptoms occurring in epilepsy of the mesial temporal lobe were slightly different from that of lateral temporal lobe epilepsy. For example, early automatism movements in the opposite upper extremity limb were more prevalent in lateral epilepsy, whereas premature mouth automatism was observed more in mesial epilepsy. Studies carried out on the metabolic level during seizure, using the Computed Single Photon Emission Tomography (SPECT) technique, have indicated that, in temporal lobe epilepsy, the mesial part of the temporal lobe is not the only starting point in the seizure impulses, but parts such as lateral part of temporal lobe, insula lobe and even thalamus can be activated quickly (10) . mTLE, the most common form of focal epilepsy, has a certain clinical presentation called limbic seizure, which results from specific neurological changes in the limbic structures. mTLE also has an electrographic appearance and distinct pathologic findings. Its most common pathological disorder subclass is hippocampal sclerosis (HS), which involves the destruction of cells in a particular pattern, which encompass mostly the CA1 and hilar neurons sections (11) . Using electroencephalogram (EEG), abnormal brain activity can be accurately evaluated; this is considered as an important clinical test for the diagnosis and treatment of brain diseases. EEG is also an important survey and research tool for young people with epilepsy (12, 13) . The value of EEG for the diagnosis and classification of E epilepsy has been proven well, but its predictive value is still unclear (14) . In temporal lobe epilepsy, the EEG provides a limited coverage of different areas of the temporal lobe and can only show some interictal epileptiform discharges (IEDs). However, additional electrode scan helps EEG to assess a much wider area. EEG abnormal findings in TLE often involve a decrease in arrhythmia (slowing down) of the focal point of the brain waves (both theta and delta waves) and focal IEDs, which are limited to temporal anterior regions. In most cases, these abnormal findings are consistent with the starting point of the seizure and structural abnormalities observed in MRI (15) . In this study, we tried to compare patients with mesial and lateral temporal lobe epilepsy in terms of EEG parameters, MRI findings, and demographic information. We also attempted to differentiate between these two types epilepsy.
Materials and Methods
This cross-sectional descriptive study is a specialized doctoral dissertation approved with the code 395298 by the Vice Chancellor of Research and technology at the Faculty of Medicine of Isfahan University of Medical Sciences. This study included 80 known cases of mesial and lateral TLE who were selected by non-random available sampling. These patients, diagnosed based on clinical signs, physical examinations, paraclinical results, EEG findings, and MRI findings, were hospitalized from 2006 to 2016 in the epilepsy center of Kashani Hospital. Therefore, in MRI imaging, the cases involving the medial temporal lobe were considered as mesial temporal lobe epilepsy, and the cases involving the lateral temporal lobe (neocortex) were considered as lateral temporal lobe epilepsy (nTLE). The inclusion criteria were as follows: the occurrence of mesial or lateral temporal epilepsy, informed consent of participation in the study, resistant focal epilepsy (refractory cases include uncontrolled, drug-resistant or intractable cases) (2), and completeness of the patients' files. All patients were prevented from seizure-inducing factors such as sleep deprivation, drinking alcohol drinks, seizurestimulating drugs, intermittent contact with photic stimulation, long-term focus on the computer, and video games during the hospitalization. Patients who did not satisfy the above criteria or suffered from status epilepticus or any neurological disorder in the central nervous system, such as Alzheimer's, Parkinson's, malignant tumors, cerebral stroke, multiple sclerosis, and neuroinfections, were excluded. Patients' demographic data included age (year), sex, duration of illness (year), type of focal seizure (complex or simple), history of tumor or trauma or hypoxia, and febrile convulsion (FC) (based on previous history and childhood information or based on the available evidence). MRI data of all the patients were also collected. The EEG of all patients carried out on the skull surface (scalp) by the routine or standardized method, was continuously monitored and stored during admission. The following machines were used in this study: Nihon Kohden monitoring device made in Japan with 10-20, T1, T2, T9, F9 and T10, F10 system and 0.1-70 filtering and a stellate machine with a 10-20 system and 60-75-15 filtering. A neurologist (fellowship of epilepsy), unaware of the patients' details, recorded the results of EEG reviews. The duration (seconds) of seizures, localization of the starting point of the ictal wave, morphology of the ictal waves at onset (or PAO), morphology of the ictal late significant pattern (or LSP), secondary generalization, interictal waves, localization of the dominant interictal waves, the patient's condition in terms of sleeping or awaking during the seizure were investigated in EEGs.
Statticis
For statistical analysis, SPSS version 24 was used. Independent T-test was used to compare the quantitative and qualitative variables and the chi-square test was used to compare qualitative variables between two groups. Distribution of data was shown as the number (percent) and mean ± standard deviation (mean ± SD). In addition, the significance level was considered as less than 0.05.
Results
In this cross-sectional descriptive study, 80 patients with mesial and lateral temporal lobe epilepsy participated. 40 patients (17 men and 23 women) suffered from mTLE and 40 patients (22 men and 18 women) suffered from lateral (neocortex) nTLE. The mean age of patients in the lateral and mesial temporal epilepsy groups was 25.02 ± 12.68 and 26.97 ± 11.99 years, respectively. There was no significant difference between the two groups in age and sex (p-value was 0.61 and 0.26, respectively). In patients with treatmentresistant focal epilepsy, 91% had Complex Partial Seizure (CPS), 29% of patients had a history of tumor or trauma or hypoxia. 57.5% of patients in the mTLE group and 52.5% of patients in the nTLE group had a lesion of the left temporal lobe in MRI. The mean duration of seizure history in patients with mTLE and nTLE was 13.15 ± 7.95 and 11.05 ± 8.62 years, respectively. There was not the significant difference in the type of seizure, history of tumor, trauma, or hypoxia, and duration of seizure history between the two groups of patients (mesial and lateral temporal epilepsy) (p>0.05). In 4 cases (10%) of the mTLE group and 2 cases (5%) of the nTLE group, the history of childhood seizure or febrile convulsion was reported. With regards to the type of lesion in MRI, 30%, 25% and 22.5% of mLTE cases had atrophy, sclerosis, and cyst respectively. In the nTLE group, 42.5%, 20% and 15% of the cases had gliosis, cyst, and benign tumor respectively. There was a significant difference between the two groups in terms of the type of lesion present in the MRI (p=0.001) (Demographic information of patients are summarized in table 1).
After performing EEG, the parameters and variables were compared in each group of patients (table 2), and it was found that the mean seizure duration in patients with mTLE and nTLE was 71.37 ± 47.59 and 72.62 ± 36.46 seconds, respectively. There was no significant difference between the two groups in terms of seizure duration (p=0.74). The location of the ictal wave onset in 52.5% of patients was in the left temporal region. The onset ictal wave in 57.5% of patients in the mTLE group and 60% of patients in the nTLE group was slow wave (delta and theta waves). In 22.5% of the mTLE patients and 27.5% of the nTLE patients, the onset ictal waves were alpha and beta waves, respectively. A sharp or spike wave comprised 20% and 12.5% of mTLE and nTLE cases, respectively. There was no significant difference between the two groups of patients in terms of the wave type of the ictal onset wave and location of the ictal onset wave (p-value was 0.57 and 0.89, respectively). In the case of ictal continuation wave in the mTLE group, 42.5% of cases had sharp or spike wave, 17.5% of other cases had theta, and10% had delta waves. In the nTLE group, 50% had spike or sharp wave, 12.5% had delta wave, and 7.5% had theta wave. There was no significant difference between the two groups in terms of ictal continuation wave (p=0.67). In the case of interictal waves in patients with mTLE, 30% had nonepileptiform abnormal waves, 70% had epileptiform abnormal waves, and in the nTLE group, these ratios were 27.5% and 72.5%, respectively. There was no significant difference between the two groups in terms of intrarectal waves recorded (p=0.80). With regards the predominant location of interictal waves in the mTLE group, 62.5% were unilateral, 22.5% were bilateral, and 15% were contralateral, and in the nTLE group, these locations comprised 75%, 15%, and 10% of the cases, respectively. There was no significant difference between the two groups in terms of the location of interictal waves (p=0.48). The secondary generalization was in 42.5% of patients in the mTLE group and 37.5% in the nTLE group with no significant difference between the two groups (p> 0.05). Sleep seizure in the mTLE and nTLE groups were 32.5% and 62.5%, respectively, and the amount of seizure in sleep was significantly higher in the nTLE group compared with the mTLE group (p=0.007) (table 2). 
Discussion
The purpose of our study was to evaluate and compare EEG parameters, including seizure duration, ictal onset waves, location of ictal wave onset, ictal continuous wave, secondary generalization, interictal waves, dominant location of interictal waves, seizure in sleep along with the results of MRI imaging, and demographic information in patients with mesial and lateral (neocortex) temporal lobe epilepsy (mTLE and nTLE). In our study, there was no significant difference in EEG of both mesial and lateral temporal lobe epilepsy groups in terms of seizure duration, ictal onset wave, location the ictal onset wave, ictal continuous wave, secondary generalization, interictal waves, and dominant interictal location (p>0.05). Although there was significant difference between the two groups in terms of seizure in sleep in a way that seizure in sleep in lateral temporal epilepsy was significantly more than mesial type (p=0.007). According to the results of our study, EEG with scalp surface electrode is not a suitable method for differentiating mesial and lateral temporal lobe epilepsies, and a more appropriate diagnostic method should be used in this area. In a study conducted by García-Marín and González-Feria, the routine EEG method was not considered as an appropriate method to get enough information to therapeutic follow-up. They also considered the placement of electrodes in the interactive and deep modes to provide sufficient information in deep temporal epilepsy and mesial regions of the brain (16) . The results of this study are in line with our study. It can be concluded that our study findings are not meaningful due to our study limitations including a small number of samples and the absence of sphenoidal electrodes. Perhaps, if we used more aggressive methods such as intracranial and deep electrodes to record EEG, we would obtain different results. In a study by Ebner and Hoppe, the ictal and interictal waves of EEG information in patients with mesial temporal sclerosis were investigated. Their EEG findings were as follows: 50% of spikewave of patients were in the opposite lobe, and the patterns of the ictal wave onset were rhythmic as delta, theta and alpha waves and were recorded from temporal region of the same or opposite side (17). These results are not consistent with the results of our study in which the ictal wave onset in mesial temporal epilepsy were a spike or sharp waves in 20%, delta type in 22.5%, theta type in 35%, and 22.5% were alpha and beta in 22.5% of cases (table 2) . In a study by Ebersole (18) , it was concluded that EEG helps in differentiating between the ictal wave onset among patients with neocortex epilepsy or lateral temporal lobe with hippocampus epilepsy; this finding is not consistent with our study. In a study by Terence et al. (19) , which was similar to our study, mTLE and nTLE were compared in terms of EEG findings and demographic data. In their study, 46 people including 31 cases of mTLE and 15 cases of nTLE participated in the study. The results of this study showed that a history of FC in childhood was higher in the mTLE group, and there was not a significant difference in the area of seizure and interictal waves in the EEG. Also, the automatism movements and hemifacial clonic movement at the beginning of the seizure occurred in 2 cases of the nTLE group. On the other hand, early mouth automatism occurred more in the mesial temporal type, and the alpha and beta and sharp waves were significantly higher in the ictal phase in the mTLE patient group. They concluded that although there were differences in EEG and clinical signs and symptoms between the two groups, but none of them contributed to the definitive distinction between these two sources of epilepsy. It should be noted that their study was not in line with our study. However, according to Raghavendra et al. (15) , EEG continues to be the most important test for TLE patients among the clinical and non-invasive methods. Biography, clinical examination, neurophysiological tests and MRI should be completed by EEG findings, to make the best treatment decision for patients (15) . In the Watanabe study (20) , which investigated the bold response in patients with mesial lobe epilepsy, it was concluded that hemodynamic changes in mesial lobe at the time of interictal epileptic discharges are recorded from the temporal region on the scalp, and a small amount of a BOLD response was found in the neocortex lobe on the same side.
Conclusion
This study is one of the first studies in Iran, during in which we investigated and compared two mesial and lateral temporal lobe epilepsies based on EEG results of patients with temporal epilepsy. In addition, there is no study similar to this study, which investigates both the Mesial and Lateral temporal lobe epilepsies based on EEG data. According to the results of our study, EEG is a good method for detecting temporal lobe epilepsy, but it is incapable of differentiating between the mesial and lateral type of TLE. So that, EEG alone is not helpful to distinguish between these two epilepsies, and other diagnostic methods such as deep and intracranial electrodes, PET and SPECT methods are required. Also considering the symptoms of seizures can get a differential feature. It is also noteworthy that due to the lack of similar studies on determining new diagnostic strategies, further studies are needed in the future.
